Background: Degenerative changes caused by aging may affect the eye specially the
Introduction
The development of the visual system involves a sequence of neurochemical signals which regulate synaptic connections and those processes modulate the visual experience (Luke et al., 2016) . Older people may experience alteration of vision, even in the absence of any identifiable eye disease. Advancing age has been associated with decrease in visual acuity and reduction in scotopic sensitivity, contrast sensitivity and motion sensitivity as well as poor performance on different visual discrimination tasks (Karthaus and Falkenstein, 2016) .
The vertebrate retina, like other parts of the central nervous system, is subjected to degenerative changes caused by aging. In addition, the retina is a site of diseases for which age is a major risk factor. The retina is the best understood part of the vertebrate central nervous system with regard to its cellular patterning, circuitry and function. (Sanes and Zipursky, 2010) . The retina is composed of five major Astrocytes, almost entirely restricted to the retinal nerve fiber layer, have close relationship with neurons and the major blood vessels. They are commonly thought to play an important part in the proper development and functioning of the vascular system in the retina, including blood flow and formation of the blood-retinal barrier (Klaassen et al., 2013) . Astrocyte activation and reactive gliosis are common traits in neurodegenerative processes. A hallmark of gliosis is the upregulation of intermediate filament proteins, including glial fibrillary acidic protein (GFAP) in glial cells (Chernoivanenko et al., 2015) . The aim of the present study was to determine the histological and immunohistochemical changes in the retina of male albino rats that occur with aging. Demonstrate the ultrastructural age-related alterations and their correlation with the histological changes.
Material and Methods

I. Animals
The present study was carried out on forty male albino rats. The rats were selected to fall equally into four age groups, chosen in correspondence to human (Sengupta, 2013) as follows:
Group I: 6 months old (age of cortical maturity).
Group II: 12 months old (middle-aged).
Group III: 24 months old (Aged).
Group IV: 30 months old (Senile). 
II. Methodology (A) Light Microscopy:
The right eye balls were injected with 10% formalin in the posterior chamber of the eye behind the lens and left for 24 hours. The peripheral retinae were obtained and processed.
1-Histological examination using Hx&E stain.
2-Immunochistochemical staining done for:
a. Glial fibrillary acidic protein (GFAP): was performed to detect glial cell reactivity (Cattoretti et al., 1993) . Positive control (brown discoloration of the glial cells mainly astrocytes denoting increase gliosis) was IMR5 cells in brain. For negative controls, incubation was carried out with the omission of the primary antiserum.
b. Synaptophysin (SYN) was applied, to detect synaptic functions (Bancroft and Gamble, 2008) . Synaptophysin is a synaptic vesicle glycoprotein. It is present in almost all neuroendocrine cells that participate in synaptic transmission. Its ubiquity at the synapse has led to the use of SYN immunostaining for the quantification of synapses (Yao et al., 2002) .
(B) Electron Microscopy:
The retinae of the left eye balls were prepared for ultrastructural sections for examination using transmission electron microscope. Parts of the peripheral retinae 1. The thickness of the retina, inner plexiform layer (IPL), inner nuclear layer (INL), outer plexiform layer (OPL) and outer nuclear layer (ONL) thickness: to quantify the thickness of the retina and its nuclear and synaptic layers, images were taken at equivalent retinal eccentricities from the optic nerve head. Layer thickness was measured in two to four areas from each retina. The measurements were done using semithin epoxy resin sections photomicrographs.
2. Measurement of the density of synapses: using the photomicrographs of SYNimmunostained sections.
3. Measurement of the ganglion cell count/ 300 µm GCL: using the photomicrographs of H&E sections.
Statistical analysis: Statistical measures were done using SPSS program, version 20.
One way analysis of variance (ANOVA) was employed to compare means between groups. Bonferroni Post Hoc test was used to detect significance between every two individual groups. The mean, standard deviation and the p value were calculated for each experimental group and compared among the different groups. Significance was considered when p-value was ≤ 0.05. The data were examined by the KolmogorovSmirnov test for normality.
Results
Light Microscopic Results
Group I (Cortical Maturity):
The retina of group I featured the ten layers, from outside inwards: retinal pigment epithelium, photoreceptor layer of rods and cones with outer lightly stained segment and inner deeply stained segment, outer limiting membrane, outer nuclear layer, outer plexiform layer, inner nuclear layer, inner plexiform layer, ganglion cell layer, nerve fiber layer and inner limiting membrane ( fig. 2-a, b) . The retinal pigment epithelium appeared as a single layer of cuboidal cells with ill-defined boundaries and pale, oval, vesicular nuclei. This layer was lying on Bruch's membrane which separates it from the choroid ( fig.2-c) . The photoreceptor layer appeared as fibrillary striations, composed of an outer lightly stained segment and an inner, deeply stained segment. The outer nuclear layer was formed of nuclei of photoreceptors which form multiple deeply-stained rows ( fig. 2-b,c) . Their axons synapsed with dendrites of inner nuclear layer cells forming the dense outer plexiform layer ( fig. 2-c) . A thicker network of synapses, the inner plexiform layer, is formed by arborization of axons of the inner nuclear layer cells, together with dendrites of the ganglion cell layer ( fig. 2-d fig. 6-e) . SYN showed moderate reaction in the inner and outer plexiform layers ( fig. 6-f) . In group IV stained with GFAP immunostaining, numerous Müller cell processes were stained positively and seen traversing the inner and outer plexiform layers; along with a strong positive reaction of astrocytes at the nerve fiber layer ( fig. 6-g ). The inner and outer plexiform layers gave a weak positive reaction to synaptophysin ( fig. 6-h) .
B. Electon Microscopic Results
Group I (Cortical Maturity):
The retina of group I showed that the RPE had oval euchromatic nuclei and the cytoplasm contained melanin granules in the apical portion of the cell. Basal infoldings appeared lying on Bruch's membrane which separates the pigment epithelium from the choroid and choriocapillaries ( fig. 7-a ).
Bruch's membrane featured its five layers; basal lamina, inner collagenous layer, elastic lamina, outer collagenous layer and basement membrane of choriocapillaries ( fig. 7-b) .
The photoreceptor outer segments were attached to the RPE. They contained well organized, horizontally aligned membranous discs ( fig. 7-c) . Outer segments of cones were conical in shape while those of rods were straight ( fig. 7-c,d ). Cones outer segments featured plasmalemmal invaginations at one side which were absent in rods ( fig. 7-d ).
The photoreceptors inner segments contained longitudinal tubular mitochondria and abundant rough endoplasmic reticulum ( fig. 7-e) . The outer limiting membrane appeared between the outer nuclear layer and the photoreceptor layer ( fig. 7-f) separating photoreceptors somas and nuclei from their inner segments ( fig. 7-g ).
Nuclei of rods and cones were located at different distances from the OLM ( fig. 7-g) forming the outer nuclear layer ( fig. 7-h ). INL thickness in group IV was 11.78± 4.05. There was age related significant difference between group IV and group I (p = 0.000), moreover; significant difference between group IV and group III (p= 0.000).
d. OPL thickness:
The mean thickness was 12.44± 1.75 in group I, 11.88± 3.19 in group II, 9.43± 1.61 in group III and 6.26± 1.65 in group IV. The difference between group I and II was statistically non-significant; while a statistically significant decrease was calculated between group II and III (p= .001) and between III and IV (p= .000) ( 1-e) . There was a highly significant decrease in ONL thickness between group IV and group I (p= 0.000), while the difference between group IV and group II (p= 0.14) and between group IV and group III (p= 1.00) was found to be statistically nonsignificant. III and IV were found to be statistically non-significant.
Discussion
In this work, effect of age on the morphology of retinal layers was evident at the light, electron microscopic and immunohistochemical levels. The changes were encountered both in retinal pigment epithelium and retinal neurons. Retinal neurons exhibited numerous age-related quantitative and qualitative alterations in cells and synapses, some of which could underlie declines in visual acuity.
In the present study, although light histological findings were scarce, the The present study found that the photoreceptors were evidently affected as the age increased. The photoreceptor outer segments showed attenuated striations on the light microscopic level. On the electron microscopic level, the middle-aged group featured loss of the proper alignment of photoreceptors membranous discs in few outer segments that progressed to presence membranous whorls in the aged group.
The affection in the senile group was profound so that areas devoid of the discs inside the plasmalemmal envelops were encountered. Disorganized discs were also reported In the present work, the outer nuclear layer showed spacing between the photoreceptor nuclei. Some nuclei appeared fragmented and pyknotic on light microscopic examination and degenerated on electron microscopic examination with widening of the perinuclear space. These changes appeared limited in group II and became more prevalent and evident in older groups. Concomitantly, the Müller cell processes which form the matrix between the photoreceptor nuclei, appeared thicker. The present work demonstrated that the outer nuclear layer thickness decreased significantly in group II compared with group I and showed further significant decrease in group III. However, the senile group presented mild increase in the ONL thickness compared with group III, although the difference was statistically non-significant. This increase in thickness may be explained by the loosened structure that may occur in senile retinae Szabadfi et al. (2015) .
The present work revealed age-dependent structural changes at the ribbon synapses of photoreceptor synaptic terminals especially in rod spherules. Electron microscopic examination revealed decrease in the density of synaptic ribbons.
Swollen, floated and fragmented ribbons were also encountered. These changes were progressive with age. In addition, progressive decrease of synaptic vesicles in rod spherules were present in senile retinae. These findings were in accordance with Dorfman et al. (2011) who observed that the initial decline of ribbon synapses and the loss of synaptic sites was not complete in the aging rats.
In the present work, synaptophysin was used to mark synapses.
Immunohistochemical staining revealed significant decrease in arborization between photoreceptor axons and dendrites of bipolar cells and horizontal cells. Not only the density of synapses decreased, but also the thickness of this layer. OPL thickness was halved in group IV compared with group I. Meanwhile, a statistically non-significant difference was calculated between the two adult groups. Samuel and co-workers (2011) pointed out that the thickness of the retina decreases with age and such thinning significantly affected both synaptic layers as well as the INL.
The present study showed that the inner nuclear layer was thinned out and was formed only of two to three cellular rows in the aged and senile groups. The morphological findings was confirmed by the statistical analysis; the INL thickness in group III recorded 60% of its initial thickness in the adult group and fell down to about one third in group IV. These findings were in accordance with Aggarwal et al. The present study provides a baseline to better understanding of the implication of aging in rat models of human pathologies that are closely related with senescence. Elucidating the morphological changes in retinal aging would facilitate the design of new strategies to prevent visual dysfunction associated with both the normal aging process and age-related retinal pathologies.
Conclusions
It could be concluded that rat retinae clearly undergo age-related morphological changes on both light microscopic and ultrastructural levels and assimilated with immunohistochemistry and statistical analysis. Such changes provide a cellular base for explanation of decreased vision in humans with aging other than reflection errors.
All retinal layers were affected by aging with variable degrees. The changes in the retinal pigment epithelium and photoreceptors were prominent. Some changes started as early as the middle-aged group, while others appeared in the aged groups.
Moreover, the alterations presented in the aged group were progressed and aggravated in the senile group. Effect of aging was not only qualitative, but also quantitative as proven by the statistical analysis. This was applied on the retinal neuronal synapses as well as somas.
Recommendations
It is recommended to do further studies with linking the morphological findings of this study to the functional alterations that occur with normal aging. It is also recommended to investigate genetic factors and concomitant ocular diseases that aggravate the histological alterations occur during the aging process.
The results of this study are hopefully to be taken in consideration to build strategies to decelerate or reverse age-associated deterioration in ocular function to avoid the psychosocial consequences of visual impairment in elderly. 
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